Abstract
INTRODUCTION

20
For decades, it was perceived that the Derjaguin Landau Verwey and Overbeek (DLVO) 21 theory[1, 2], a combination of repulsive electrical double layer forces and attractive van der 22 Waals forces, is able to describe the properties of wide range of colloids and bio-colloids.
23
According to this theory, at separations below 2-4 nm, attractive van der Waals forces always 24 dominates over the repulsive double layer forces leading to an adhesive contact. However, 25 several phenomena (re-peptization, hydrophobic colloids, and silica particles) were found not to 26 obey this theory as these materials neither coagulated nor swelled as predicted by DLVO theory.
27
Thus, the idea of a repulsive force, the hydration force, acting at a few nanometer separation 28 distance, overcoming the van der Waals primary adhesive minimum arose. These observations, theory showed that the net repulsion could continue to rise steeply as the inter-particle distance 35 separation decreased to contact even when the surface charge density or potential was low. After 36 this first intent, the necessity of directly measuring the interaction forces vs. separation distance 37 was the subject of intense research in order to experimentally verify if the force laws measured 38 can be fitted using DLVO-Stern model or if it requires some extra force to be fitted. In what 39 transmitted light is directed to a spectrometer for further analysis of FECO fringes. The 66 interaction force, F, acting between the surfaces is measured by the deflection of a spring on 67 which one of the surfaces is mounted [20] . This technique has distance and force resolutions of 1 68 Å and 1 N respectively [21] . The detailed description of the instrument is given in ref. [22] .
69
Using white light interferometry, the separation distance, the radius of curvature and the unambiguous. Yet, in SFA experiments, the contact area is macroscopic and typically in the 73 range of hundreds or thousands of μm 2 which is much larger than that the typical contact area 74 measured in single molecule force spectroscopy [24] . 75 The Atomic Force Microscope (AFM) technique is widely used to measure interaction 76 forces between surfaces at the molecular scale [24] . The schematic of AFM is shown in Figure   77 1B. In an AFM experiment, a small tip attached to a lever is moved toward a surface. Meanwhile 78 the deflection of the lever and the displacement of the base to which the lever is mounted are 79 measured as shown in Figure 1B . The deflection of the lever is measured using a laser beam 80 reflected into a four quadrant diode and converted into interaction force using Hooke's law. 
145
M KCl solution of pH 5.5 between molecularly smooth mica surfaces. The authors reported that 146 the hydration force was not monotonic once the separation distance was smaller or equal to 20 Å.
147
The hydration force was oscillatory having a minima and maxima of periodicity 2.5 ± 0.3 Å,
148
roughly the diameter of a water molecule (Fig. 3) . The schematic in Figure 3 shows that the oscillations extended to about 10 Å above the surface and did not strictly maintain a constant 168 periodicity. The authors came to the conclusion that the primary hydration layer was followed by 169 a weakly modulated hydration structure that extended more than 1 nm above the surface.
170
The described experimental and simulation results show that for monovalent ions the 171 hydration force between hard surfaces appears only above a critical ion concentration and is not 172 only monotonically repulsive but has an oscillatory component superimposed to it. 
237
The water-bilayer interface 238 The structure of the water bilayer interface has been studied extensively using spectroscopic 
269
(ii) hydration forces due to the expulsion of water molecules upon compression of the (vii) the electrostatic interaction forces due to bilayer surface charging.
278
Each of these contributions have been studied both experimentally and theoretically.
279
Mathematical expressions of these interactions are provided in Table 1 and can be easily observed using the SFA. It is important to note that all these interaction forces originates from very distinct causes and All the interactions presented in Table 1 do not have to be necessarily considered in every Debye screening length (roughly 1 nm at physiological conditions).
308
The hydrophobic interaction is usually considered to play a minor role in the total interaction 326 Figure 7B presents a situation where a photosensitive bilayer was deposited on mica by the 327 vesicle deposition method. When compressed, the bilayers hemifused at a critical molecular area 328 which was 16% higher than the equilibrium value. When illuminated under UV light, the 329 surfactant molecules changed conformation and became more hydrophilic which dramatically 330 expanded both the interfacial energy and the molecular area of the molecules at rest. Thus, the 331 critical molecular area at hemifusion was found to be 25% higher than the value at equilibrium. The undulation interaction has by far the longest range and is comparable in magnitude to the 334 van der Waals interaction. The magnitude of this interaction can be strongly by different external 335 parameters. For example, lipid bilayer supported on a solid substrate will almost no undulations.
336
As shown in Eq. 3, undulation forces are also extremely sensitive to temperature which can be which leads to the same weak dependence for the interaction pressure .
351
The head group overlap and protrusion forces are usually difficult to distinguish from each other and water molecules to interact with the lipid head group. 
384
The understanding of these subtle effects provides a powerful framework to study the interaction 
